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Description 



10001 1 Some of the most difficult mixing or compound- 
ing jobs are those that involve dispersion of solids in a 
viscous matrix such as a flLdd polymeric material. For 
example, 'm compounding rubber for tires and other 
appBcalions, carbon black is dispersed Irto a rubber 
matrix. Simflarly, thedispersion of inorganic and organic 
pigments as well as many other solid additives into plas- 
tics is another common practice In the compounding 
field. 

[0002] Successful compounding generally requires 
both dispersive mixing and extensive mixing. One man- 
ner of acoonpDshing successful dispersive mixing Is to 
expose the fluid elements containing the solids to high 
shear stresses in order to rupture the solids into frag- 
ments. Presently available mixers generate such 
stresses by passing material to be compounded 
through narrow gap regions In the mixer, thus creating 
high shear rates. Multiple passes of the same material 
through the narrow gap regions is desired in order to 
reduce the size of the agglomerates to acceptable lev- 
els. 

[0003] Extensive mixing involves mixing various por- 
tions of the matrix with one another. Thus, after the rup- 
tured solid particles and surrounding matrix pass 
through the nan-ow gap region, this part of the matrix 
must be mixed back into the rest of the matrix for com- 
position uniformity. 

[0004] Many commercial mixers include narow gap 
regions for dispersive mixing. For example, the nan^ow 
gap region is present in tine nip of a roll mill mixer, in the 
gap between tiie tip of a Banbury type rotor and waD. In 
the gap between the tip of the kneading element and tiie 
ban-el in an intermeshing twin screw extruder, and in the 
clearance between the mixing pin and the disk in a coro- 
taBng disk processor. While these commercial mixers 
are effective In dispersive ntixing. tiiey are cpJte expen- 
sive and conplex compared to single screw extmders. 
[0005] Screw type processing equipmerrt such as tin- 
gle screw exlnjders are tiie most popular continuous 
processors of plastics and njbber. Such extruders have 
numerous desirable features Including simplicity, rela- 
tively low cost, high tivoughput and versatility. However, 
application of single screw extruders and other similar 
processing equipment in the field of compounding has 
been rather limited Although single screw exlnxlers 
can be designed to provide good extensive mixing, tiiey 
generally provide poor dispersive mixing. Only a smaU 
fraction of tiie processed material ever experiences high 
stresses in narrow gap regions or flight dearances 
between the f Gghts of the screw and the barrel. Only a 
negligible amount of material passes repeatedly 
through ttiese clearances. Even if the size of the fGght 
clearance or radial distance between the flights and tiie 
barrel were increased to increase tiie number of passes 
through the flight clearances, tiie same material would 
stHy close to the barrel as the flight clearance passes by. 



with nttle mixing or exchange of material. In other w^rds, 
the same material would pass repeatedly ttirough tiie 
fBgW clearance or gap wfth ttie bulk of material not hav- 
ing a chance to pass tiirough the f fight clearance at all. 
5 As a resuft. tiiere would be a loss of output, poor heat 
removal, poor melting, and other detrimental effects. 
[00061 In the DE-A-29 34 297 a multi-ttiread exlruder 
screw is described for treating ttienroplastic materials 
or mbber vifhich screw is arranged in a housing being 
70 essentially cylindrical and Is provided with screw flights 
surrounding helically tiie core of tiie screw vvith nomial 
height by which channels are formed surrounding heli- 
cally the screw and limited by the screw flights. TTie 
diannels Onlet channels) guiding tiie material to bo 
75 treated are fomied in such a way that the basis of tiie 
channels raises in circumferential direction and against 
the direction of rotation of tiia screw essentially like a 
ranp. whereby between ground of Bie channel and 
housing a gap essentially like a wedge is formed which 
20 at is smaHest place extends into tiie entrance height of 
tiie entrance channel trough a sharp edged step to tiie 
beginning level having ttie greatest distance to tfie 
housing. The ground of tiie inlet channel ttierefore 
extends like obtain wltti each a wedge-fika Increasing 
25 part which ends in said. 

[0007] The present Invention addresses ttie afore 

mention needs. 

[00081 Accoitling to tiie inverrtion a machine is pro- 
vided far processing solid and viscous plastic and poly- 
30 meric materials comprising a hollow ban-el defining a 
barrel chamber, said barrel having an inner surface and 
an outer surface, said barrel having first and second 
ends and a tongltudinal axis extending between said 
ends, whereby said barrel defines axial directions along 
35 said axis, radial directions tiaverse to said axis and cir- 
cumferential directions around said axis. Inlet means for 
introducing tiie material into said barrel chamber, a 
screw extending along said longitudinal axis and rotata- 
bie about said longitudinal axis in a circumferential rota- 
40 Bon direction, said screw having a first end adjacent 
said first end of said ban-el and having a second end 
adjacent said second end of said barrel, said screw 
Including at leasi one heOcal thread extending about 
said tongltudinal axis, wherein one portion of said 
45 thread conprises at least two shearing flights and 
another portion of saM ttiread comprises at least two 
scraping f Oghts s^d two shearing fOghte extending to a 
spaced distance from said Inner surface of said barrel 
for shearing material between said shearing flights and 
so said Inner surface of said barrel, and said two scraping 
ffights radially extending to adjacent tiie inner surface of 
said ban-el for renxwing material from said inner surface 
of saW barrel, said shearing flights alternately follow 
said scraping flights in series along such thread, such 
55 tiiat upon rotation of said screw in saW rotation direction 
said saaping flights collect and QuWe said material to 
said shearing flights. 

[0009] A plurality of such tiireads may be Included into 



the machine. 

[001 0] One thread may continuously extend from a 
first spaced distance from the first end of the shaft to a 
second spaced distance from the second end of the 
shaft and another thread may continuously extend from 6 
a different first spaced distance from the first end of the 
shaft and a different second spaced distance from the 
second end of the shaft 

[0011] Preferably, at each axial location along the 
screw, the spaced distance t>etween the shearing flight 
and the inner surface of the barrel gradually decreases 
in the direction opposite the rotation direction until the 
shearing distance reaches a minimum spaced distance 
This minimum spaced distance is a shearing fBgfrt tip^ 
which may be rounded. Also, the portion of the scraping 
flight closest to the inner surliace of the ban^el, the scrap- 
ing flight tip, may have a scraping corner adjacent the 
inner surface of the barrel. Tlie may be substantially 
rectangular. 

[0012] The apparatus n^y also comprise a second 
barrel chamber having a second longitudinal axis and a 
second shaft extending along the second longitudinal 
axis, whereby the ban-el chamber communicates with 
the second t)arrel chamber via an opening. 
[0013] Desirably, the scraping flight radially extends to 
the Inner surface of the barrel. Alternatively, the scrap- 
ing fnght may radially extend to a spaced tolerance dis- 
tance from the inner surface of the ban^el, and the 
spaced distance between the shearing flight and the 
inner surface of the barrel; the shearing distance, may 
be greater than the tolerance distanca The shearing 
distance also may be greater than ten times the toler- 
ance distance. Preferably, the tolerance distance Is 
about 0.2% of the radial distance from the longitudinal 
axis to the inner surface of the ban-el. 
[0014] Where the total shearing length Is defined as 
the totalled sum of the periods of all of the shearing 
flights, and the total scraping length Is defined as the 
totalled sum of the periods of all of the scraping flights, 
the total scraping flight may be greater than the total 
shearing length. Alternatively, the total scraping flight 
m^ be less than the total shearing length. Yet further, 
the total scraping flight may be about equal to the total 
shearing length. 

[0015] Preferably, the number of threads Is equal to 
four, and the heDx angle of the threads is about equal to 
about 17-18 degrees. 

[0016] Desirably, the screw defines a plurality of chan- 
nel sections between the threads where channel sec- 
tion has a channel surface which Is radiaDy spaced from 
the barrel wall by a channel depth. At least one of the 
channel sections is bounded in the reanward direction 
by a scraping flight and has a channel depth which Is at 
a maximum adjacent the bounding scraping fOght and 
which decreases in the fbnrard direction away from the 
scraping flight Further, the channel section may be 
bounded In the fonrard direction by one of the shearing 
flights, and the channel depth may be a! a minimum 



acljacent the bounding shearing fRght and inaease in 
the reanward direction away from the scraping flight. Yet 
further, the channel section is further bounded by a sec- 
ond shearing flight which is connected to the bounding 
scraping flight at a connecting point and has a channel 
depth which inaeases immediately adjacent the bound- 
ing scraping fDght and the bounding second shearing 
flight in the directions away from the connecting point 
[0017] In another aspect of the claimed invention, a 
macHne for processing solid and visoous plastic and 
polymeric materials comprises a hollow barrel defining 
a ban^el chamber, the ban-el having an inner surface, an 
outer surface, a first end, a second end, and a longitudi- 
nal axis extending between the ends. The barrel defines 
axial directions along the axis, radial directions traverse 
to the axis and rotational directions around the axis. The 
machine also comprises an inlet means for introducing 
a material into the ban-el chamber, and a shaft extend- 
ing along the longitudinal axis arxi having a first end 
acQacent the first end of the barrel and a second end 
adjacent the second end of the t^an^el. 
[0018] A plurality of screw segments are disposed on 
the shaft, and each screw segment is ^able of rotat- 
ing In a circumferential direction. Each screw segment 
includes ©ther a scrapng flight for removing the mate- 
rial from the inner surface of the barrel, or a shearing 
f Gght radially extending to a spaced distance from the 
inner surface of the barrel. Upon rotation of the saew 
segments, the scraping flight collects and guides the 
material to at least one of the shearing flights of at least 
one of the screw segments, and the material Is sheared 
between the shearing flight and the inner surface of the 
barrel. 

[0019] Preferably, each screw segment includes at 
least one shearing f Oght and at least one ecraping flight 
[0020] In yet another aspect of the present invention, 
a screw element for processing and mi^dng materials 
comprises a body deTining upstream and downstream 
ends, a longitudinal axis extending between the ends 
and forward and rearward circunrtferential directions 
about the lon^tudinal axis. The saew element also 
includes a plurality of flights spaced apart from one 
another arxi a plurality of diannels between the fCghts. 
The flights include at least one scraping flight having a 
crest at a scraping radius from the axis and at least one 
shearing flight having a crest al a shearing radius from 
the axis, the shearing radius being less than the scrap- 
ing radius. The flights are constructed and arranged so 
that upon rotation of the screw in the forward circumfer- 
ential direction within a ban^eK the scraping flight col- 
lects material disposed within the ban-el and guides the 
material to the shearing flight 
[0021 ] Preferably, the flights are generally helical. 
[0022] Desirably, the shearing flight has an inlet sur- 
face extending from the channel reanvard of the aest of 
the shearing ffight The inlet surface slopes radially out- 
wardly in the rearward circumferential directbn toward 
the crest of the shearing flight so as to deTine a smooth 
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transition from the channel to the crest of the shearing 
flight Further, the shearing flight may have an outlet 
surface extending rearwardly from the crest of the 
shearing flight, the outlet surfiace sloping radially 
inwardly in the rearward clrcunrrferentiBl direction away 5 
fiom the crest so as to define a smooth transition firom 
the crest of the shearing flight to a channel. 
[0023] The screw element may also have a shearing 
flight whose leading surface faces in the circumferen- 
tially fbnArard direction and eictends substantially radially io 
outwardly. 

[0024} The screw element may further include a plu- 
rality of shearing and scraping flights. The plur^ity of 
scraping and shearing flights may be arranged in alter- 
nating sequence around the circumference of the body 75 
at a first axial location. The plurality of scraping and 
shearing ffights may also include a plurality of scraping 
flights at a first axial location and a plurality of shearing 
fnghts at a second axial location. 
[00251 Yet further, the f Gghts of the screw element so 
preferably include first and second sets of flights 
extending in axially opposite directions from a conmon 
meeting plane, the flights of the first and second sets 
being offset from one another In drcumferential direc- 
tions at the meeting plane so as to define discontinuities 25 
between flights at the meeting plane. 
[00261 Preferably, the body includes a plurality of gen- 
erally cylindrical body sections, each body section car- 
rying at least one of the flights, and means for securing 
the body sections to one another in coaxial, end-to-end 30 
relationship. The securing meare may be operative to 
secure the sections to one another in a plurality of differ- 
ent relative positions in the drcumferential directions, 
whereby the relative circumferential positions of the 
fDghts on the sections rnay be adjusted. as 
[0027] The flights may also oonslitute a plurality of 
substantially continuous, generally helical threads 
extending from adjacent the upstream end to adjacent 
the downstream end, each thread induding a plurality of 
ffights. 

[0028] Preferably, the shearing radius is less than the 
scraping radius by a difference equal to between about 
0.2% and about 0.4% of the scraping radius. 
[0029] The advantages and flexibility of the present 
Invention apply in almost any context where dispersive 45 
mixing, extensive mixing, composition or tenrperature 
homogenization, melting and mixing and devolatiDzation 
is desirable. 

FIGURE 1 is a diagrammatic partially sectional so 
view of a compounder in accordance with one 
embodiment of the invention. 
FIGURE 2 is a sectional view taken along line 2-2 In 
FIGURE 1. 

FIGURE 3 Is a projection of the threads of a screw ss 
in accordance with one prefen*ed embodiment of 
the present Invention. 

FIGURE 4 is a projection of the threads of a screw 



in accordance with another preferred embodiment 
of the present invention. 

HGURE 5 is a projection of the threads of a screw 
in accordance with yet another preferred embodi- 
ment of the present inventioa 
FIGURE 6 is perspective view of saew segments in 
place on a shaft in accordance with a further 
embodiment of the present invention. 
RGURE 7 is a schematic view of yet a further pre- 
fen-ed embodiment of the present invention. 
RGURE 8 is a cn>ss-sectional view of yet another 
prefened embodiment of the present invention. 

[0030] FIGURE 1 depicts the general layout of a com- 
pounding extruder in accordance with one embodiment 
of the invention. A tubular, generally cylindrical barrel 10 
provides an Inlet port 12 at a first or upstream end 30 of 
the barrel and ah outlet port 14 at the other or down- 
stream end 20 of the barrel. A shaft 34 extends from 
upstream end 30 to downstream end 20 of the barrel 
along the longitudinal axis 24 of barrel 10. The shaft is 
supported for rotation within the barrel about axis 24. At 
upstream end 30, shaft 34 extends beyond the end of 
banel 10 and Is connected to rotary drive device 40. 
Rotary drive de/ice 40 may include a conventional 
motor and gear train (not shopwn) arranged to rotate the 
shaft in a preselected direction of rotation 46 about axis 
24. 

[0031] For ease of reference, directions are stated in 
this disclosure with reference to the longitudinal axis 24. 
Thus the terms "axial" and "arfally" should be under- 
stood as refemng to the directions parallel to the longi- 
tudinal axis, whereas the terms "radial" and "radially" 
should be understood as referring to the directions 
transverse to this axis. TTie term "radially inwanj" refers 
lo the directions towards the axis, whereas "radially out- 
ward" refers to the directions acway from the axis. "Cir- 
cumferential" or "rotational" direcfions refer to tiia 
directions around axis 24 such as that indicated by 
arrow 46. 

[0032] A generally cylindrical screw element 32 is 
mounted on shaft 34 coaxially therewnth. so that the axis 
of screw element 34 is coincident with the axis 24 of ttie 
barrel. The screw element has an upstream end 32a 
disposed at the upstream end 30 of the banei and a 
downstream erxJ 32b disposed at the downstream end 
20 of the barrel. Screw 32 has a body 33 and a mixing 
section 39 with four helical threads 71-74. Helical 
threads 71-74 are formed integrally with body 33. and 
wrap around the body from over the upstream to down- 
stream length of mixing section 39. Screw 32 further 
includes a feed section 38 upstream of mixing section 
39 and a metering section 31 downstream of the mixing 
sectioa The feed section and metering section are of 
generally conventional construction as commonly 
enployed in extruder screws. For example, the feed 
section may include one or nrore threads and channels 
of constant or progressively decreasing cross-sectional 
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area, whereas the meterir^g section typically includes 
one or more threads and channels having relatively 
small cross-sedional area so as to restrict or meter flow 
of material through the apparatus. 
[0033] As used herein, the term "helical" does not 
necessarily imply that a structure completes a full rota- 
tion about the longitudinal axis. "Helical" also refers to 
those staictures which both form an arc of a drde in the 
rotational direction, and which also extend in the axial 
direction. The terms Ibrward" and "reanward" are used 
herein with respect to drcumfererrtiai or rotational direc- 
tions around axis 24. As so used, the "fonvard** direction 
is the direction con'esponding to the direction of rotation 
which would appear to move the threads of the screw 
towards the downstream end of the barrel. Thus, for a 
right-hand saew as illustrated in Figs. 1 and 2, the 
clockwise direction of rotation as seen from the down- 
stream end 20 of the screw is the fbrwanj direction, 
whereas the counterclockwise direction as seen from 
the downstream end is the rearward direction. For a left- 
handed screw, these directions would be reversed. A 
first point described as being ^Isefdre" a second point In 
the rotational direction shall mean ttiat the first point is 
disposed in the forward rotational direction from the sec- 
ond point A first point being described as following" a 
second point in the rotational direction shall mean that 
the first point is disposed rean^^ly of s^'d second 
point. The four ttireads 71-74. inner barrel surface 11, 
and screw body 33 cooperatively define helical spaces 
or "channels" 26. The distance between screw body 
surface 33 and inner barrel surface 1 1 is referred to as 
the "channel depth". 

[0034] As shown In cross-sectional view in FIGURE 2. 
screw element 32 is disposed cxsncentrically about shaft 
34. Screw 32 maintains a fixed position with respect to 
shaft 34 via tey 35. Key 35. vvhich is integral with shaft 
34. extends radially outward from shaft 34 and fds into 
accepting slot 37 of screw 32. As slot 37 is substantially 
the same shape as key 35, rotation of shaft 34 will 
cause likewise rotation of screw 32. However, whDe 
screw 32 has a fixed rotational relationship with shaft 
34. key 35 does not prevent axial movement of screw 32 
along shaft 34. Therefore, screw 32 may be removed 
and replaced on shaft 34 by axiaOy sliding the screw 
element on and off the shaft During operation, axial 
movement of screw 32 Is prevented by a stop (not 
shown). 

[0035] FIGURE 2 also illustrates tiie configuration ol 
the four Oveads 71-74 at a particular axial location 
along the screw. Le., at a particular distance from the 
upstream end 32a of the saew, and hence at a particu- 
lar axial distance from tfie upstream end 30 of the barrel 
10. Specifically, a portion 75 of thread 71 is shown In 
cross-section, as is a portion 76 of tiiread 72. a portion 
77 of thread 73, and a portion 78 of ttiread 74. 
[00361 The portion 78 of thread 74 shown in FIGURE 
2 Is configured as a shearing flight. The portion of the 
shearing flight 78 closest to the inner barrel surface 1 1 



is shearing tip or aest 50. An inlet surface or shearing 
feed area 48 begins fonvandly of shearing crest 50, in a 
channel 26. and slopes radially ouhrardly in tiie rear- 
ward circumferential direction so as to pro>nde a smootti 

5 transition between the channel and ttie shearing tip or 
crest An ouUet surface 49. also refen'ed to as a scrap- 
ing feed area, odends reaiwardly from the shearing tip 
or crest 50 towards the next following channel 26. Outiet 
surface 49 slopes radially inwardly in the rearward cir- 

10 cumferenUal direction. Tlie shearing tip or crest 50 is 
rounded to provide a smooth transition from Uie region 
immedialety before the shearing tip (inlet or shearing 
feed surface 48) to the area immediately after the shear- 
ing tip in the rotation direction 46 (outiet or scraping feed 

IS surface 49). 

[0037] The tip or crest 50 of the shearing flight lies at 
a shearing radius Rehaar t^om axis 24. The shearing 
radius is less tiian tiie radius Rban^i of ban-el 10 by a 
preselected shearing clearance Cehaar so that there is a 

20 gap 54 between shearing tip or crest 50 and the inner 
surfece 11 of the barrel. This narrow gap between 
shearing tip 50 and inner barrel surface 11 is small 
enough to provide high shearing forces to any material 
passing through the gap. However, narrow gap 54 Is not 

25 60 small that it prevents compounding material from 
passing from tfie shearing feed area 48 to the other side 
of tiie shearing tip. The distance between screw surface 
33 and inner barrel surface 1 1 inaeases witii increasing 
circumferential distance from shearing tip 50. In ottier 

30 words, in shearing feed area 48. Uie distance between 
ttie surface of screw body 33 and inner barrel surface 1 1 
tapers to the narrow gap 54. In the outiet or scraping 
feed region 49, the surbce of screw body S3 is similarly 
tapered. Portion 76 of thread 72 is likewise cordigured 

55 as a shearing fGght,' witii the identical cross-sectional 
structure of shearing flight 78. 
[0038] In contrast to shearing ffights 78 and 76, por- 
tions 75 and 77 of threads 71 and 73, respectively, are 
configured as scraping flights. Scraping ffight 75 has a 

40 leading wall 58 facing fonvanfly towards shearing flight 
78 and scraping feed region 49 and a trailing wall 59 
facing reanivardly towards the other shearing flight 76. 
The leading and trailing walls of ttie scraping flight 
extend substantially radially outwardly from the suriace 

4S of screw body 33 to the outermost tip or crest 60 of the 
scraping flight Almost direcUy abutting Inner ban-el sur- 
face 1 1 is scraping tip 60 of scraping flight 75. Scraping 
tip 60 forms a sharp or almost sharp corner writh leading 
wall 58, preferably at a right angle. Thus tine scraping tip 

so 60 is disposed ett a scraping radius Recrapo greater than 
the shearing radius B^ar the shearing flights, so ttial 
tine scraping tip or aest 60 is disposed at only a very 
small tolerance distance from the inside surface 1 1 bar- 
rel. This tolerance distance Dt (the difference between 

65 ttie scraping radius Recipe and the interior radius of tiie 
ban-el Rborrei) should be as small as practicable and 
should be small enough to SLisstantialty prevent com- 
pounding material from passing between the scraping 



flight and the barrel. Preferably, the tolerance is less 
than about 0.4%, and more preferably about 0.2% cf the 
radial distance from the longitudinal axis 24 to Inner bar- 
rel surface 1 1 . The diameter erf screw element 32 is 
defined as twice the radial distance from longitudinal 
axis 24 to the lip 60 of scraping flight 75. 
[0039] In essence, the scraping flight provides an area 
of very tight flight clearance, i.e.. very little distance 
between the tip of the scraping flight and the inner sur- 
face of the barrel and the shearing flight provides an 
area of loose flight clearance, i.e.» the tip of the shearing 
ffight is a relatively larger spaced distance from the 
inner surface of the barrel than the scraping flight 
Stated another way, the shearing gap clearance C^y^^f 
is substantially larger than the tolerance distance. 
Although the optimum value of the shearing gap clear- 
ance will vary depending on the application, a shearing 
gap clearance equal to about 2% to £4>oul 7% of the 
scraping radius or barrel radius, and more desirably 
about 3% to about 6% of the scraping radius or barrel 
radius, can be used. A shearing gap clearance of about 
4.5% of the scraping radius Is particularly desirable. The 
prefen-ed iengrth of the clearance may be effected by 
numerous variables. Including the operating screw 
speed, the nature of the materials, and the barrel size. 
[0040] Barrel 10 includes axially-extending holes 64. 
through which a cooGng medium, such as water, is pro- 
vided to cool the barrel and materials in contact with the 
banrel. 

[0041] FIGURE 3 illustrates how the shearing and 
scraping ffights alternate along the threads. FIQURE 3 
is a projection of a schematic of the threads, as iff screw 
element 32 were rolled through one complete rotation 
along a flat surface and ttireads 71 -74 left the markings 
shown in the figure. As shown by dimension 42, the dis- 
tance covered by one full rotation of screw element 32 Is 
equal the circumference, or diameter D of screw 32 mul- 
tiplied by Pi. Only a portion of the entire axial length of 
the screw is shown; screw element 32 continues in the 
direction of the ends 20 and 30 as indicated. 
[0042] Within the rrixing section 39. each thread alter- 
nates in the axial direction from a scraping flight to a 
shearing flight along its entire length. For example, 
thread 74 includes shearing flight 78, followed in the 
axial direction 43 by scraping flight 80, followed by 
shearing flight 81, followed by saaping ffight 82, fol- 
lowed by shearing flight 83. etc. Scraping flights are 
shown as solid lines, while shearing flights are shown 
as broken lines. 

[0043] As shown in the preferred embodiment of FIG- 
URE 2 and as shown in the projection of the prefeffed 
embodiment in FIGURE 3, the shearing and scraping 
flights also alternate in the rotational direction. Specifi- 
cally, shearing flight 78 of thread 74 Is followed in the 
rotation direction 46 by scraping flight 75 of thread 71. 
Likewise, saaping f Gght 75 is in turn followed in the rota- 
tion direction 46 by shearing flight 76 of thread 72. 
which is in turn followed by scraping ffight 77 of thread 



73. and which is in turn followed by shearing flight 78 of 
thread 71 , thus oonpleling the cycle. The period of indi- 
vidual shearing and scraping flights is measured with 
respect to the length of the individual flight in the rota- 
5 tional direction 48, and if the fDghts are all of equal 
length, the period is equal to: 

(circuntference) ^ 

(total number of shearing and scraping flights) 

10 

Accordingly, because there are four shearing flights and 
four scraping flights of equal length, the period of the 
individual shearing ffights and scraping flights of the 

75 preferred embodiment will be D*Pi/8- The tfiannel 
width 80 between any two threads is equal to the dis- 
tance between the threads in the axial direction 43. 
[0044] In operation, material such as a polymer and 
an additive to be compounded is deposited through inlet 

20 port 1 2 into the feed section 38. In the feed section, the 
polymer is brought to a fluid or partially fluid condition 
(as by melting where the polymer is a thermoplastic) 
and advanced to the mixing section 39 where it enters 
diannels 26 between the screw threads 71-74. screw 

zs 32, and inner baffel surface 1 1 . Rotary drive device 40 
rotates shaft 34, and hence screw element 32. in the for- 
ward rotational direcBon 46 about longrtudinal axis 24. 
[0045] As screw 32 rotates, any material present in 
channels 26 wiD come in contact with either a scraping 

$0 flight or shearing flight of the threads. For example, as 
shown in FIGURE 2, as material 90 accumulates in the 
shearing feed area 48, some of the material will eventu- 
ally be gushed through narrow gap 54 between shear- 
ing tip 50 and banrel inner surface 1 1 due to the rotation 

35 between the screw and ban-el. 

10046] As the material 90 passes through clearance 
54, the material will experience high shear stresses 
between shearing tip 50 and inner banel surface 11. 
These high shear stresses will rupture tiie solid parti- 

40 des into fragments, thus compounding the solid frag- 
ments into the sunrounding fluid polymer matrix. After 
the material 90 passes ttirough the high stress clear- 
ance 54, it will accumulate In front of scraping flight 75 
in scraping feed area 49. 

45 [0047] Because of the extremely tight flight clearance 
between scraping tip 60 and inner ban-el surface 1 1 , the 
material will not be able to pass over scraping f Gght 75. 
but will instead collect along wall 58 and In scraping 
feed area 49. 

so [0048] From there, a typical flow pattern for ttie mate- 
rial is shown as path 92a in FIGURE 3. Because the 
material cannot pass over scraping flight 75, it will be 
moved In the banel rotation direction 47 along scraping 
flight 75 of thread 71. until it encounters shearing flight 

55 90 of ttie same tiiread. The material will pass over 
shearing flight 90. where it will again experience high 
stress and a rupturing ol the soDds. After the material 
passes over shearing flight 90, it will be gattiered by 
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scraping fOght 91 of the following thread 72. Scrar»ng 
flight 91 will guide the material to shearing flight 89 of 
the same thread, where it will again experience high 
shearing forcea As shown by path 92b. after the mate- 
rial passes over shearing flight 69, the material wiO be 
collected by scraping flight 93 of the following thread 73. 
[0043] This process of shearing, scraping, guiding to 
shearing a flight, and then shearing again continues as 
the material travels down the length of the screw. The 
repeated shearing will result in a highly effective com- 
pounding of the material. The helical nature of the 
screw, the continuous of influx of material Into the 
screw, and the rotation of the screw all combine to force 
the material from upstream end 30 tcwards downstream 
end 20. Eventually, the material will pass through tfie 
metering section 31 and out of the extruder 1 via outlets 
14. 

[0050] Although paths 92a and 92b Show one possUe 
route a given particle of material may take through the 
compounder, the probable path for most of the material 
is contemplated to be different. For GKample. the size of 
nan-ow gap 54 for the shearing portions is preferably not 
GO targe that aO the material in shearing feed area 48 will 
pass through the gap. Rather, most of the material 
should tal® a path similar to path 93. where a portion of 
the material 93a in channel 94 passes over shearing 
flight 95 of thread 72. and the rest of the material 93b 
continues down channel 94, to be eventually sheared by 
another shearing flight Further, the material 93b 
traveGng down channel 94 will mix with the material 96 
entering channel 94 via shearing flight 97. Conse- 
quently, the nature of the altemating shearing and 
scraping fDghts allows for not only a great deal of high 
stress areas, biA also a great deal of rarxiom nnixing. A 
particular stream of material will be split apart and 
recombined with other streams of materials many times 
before finally exiting compounder 1 via outlets 1 4. 
[0051 ] Extruder 1 is extremely effedive in accomplish- . 
ing four important aspects of a good compounder. Rrst, 
it provides high shear stress regions by passing the 
material through narrow gap regions. Second, It has a 
flow pattern which brings ^ut repeated passages 
through the high shear regions. 
[0052] Third, it provides good extensive ml»ng. With 
typical flow paths such as that shewn by paths 93 and 
96 in FIGURE 3, streams of material will be split and 
recombined as the screw rotates, thus pro\nding exten- 
sive mixing. 

[0053] Fourth, it provides good temperature control in 
the shearing regions. Generally, shear stress is a prod- 
uct of viscosity and shear rate, and as the temperature 
increases, viscosity drops and stress levels become 
Insufficient for rupturing agglomerates. Extruder 1 pre- 
vents the temperature from exceeding unacceptable 
levels by its cooling tubes 64. the scraping flights 75. 
and the shearing flights 58. The inner surface 1 1 of bar- 
rel 10 is cooled by passing a cooling medium such as 
water through tubes 64. Scraping fGght 52 renruves 



material from the inner surface 1 1 of barrel 1 0. thus pre- 
venting material from accumulating as a stationary layer 
on the interior surface of the ban-el and insulating the 
rest of the material from heat transfer. Thus, the scrap- 

5 ing fDghts aid in maintaining a relatively high heat trans- 
fer coefficient on the interior surface of the barrel. 
Therefore, when material passes through the narrow 
gap between shearing tip 50 and inner baael surface 
1 1, the material will remain at a relatively low tempera- 

jo ture. thus securing the high stress levels required for 
effedive dispersion. 

[0054] The screw and extruder as described above 
can be used in achieving dispersion, phase contacting 
and/or heat transfer with many fluid or semifluid materl- 

75 als. As mentioned above, a particularly preferred appG- 
cation is in forming dispersions where one or both 
phases are polymeric materials as, for example, in 
incorporation of additives such as pigments, stabilizers, 
fire retardants. antimicrobial agerrts and fillers Into poly- 

20 mere. However, the screw and extruder may also be 
used with systems where both phases are polymers. 
The present compounding extruder Is especially rele- 
vant to the dispersion of nonconpatible polymers for the 
preparation of blends and alloys In addition to routine 

£5 compounding. The repeated stress regions and mixing 
will prevent non-compatible plastics from separating 
after the material leaves the screw. 
[0055] Due to the leakage of material from one chan- 
nel to anotiier, extruders and screws as described 

30 above provide for exter^e n^ng independent of the 
high stress rates. They are also useful in causing reac- 
tions between two separate materials, because good 
reactions require good nruxing. 
[0056] Screws as described above are also appllcabia 

35 to melting and devoiatillzation (i.e., removal of lew 
molecular weight volatile components such as residual 
solvents monomer, etc.). These are important unit oper- 
ations carried out in processing machines. In the melt- 
ing process, at the point the material is partially nxdten, 

40 repeated shearing and scraping of the partiaDy molten 
material effectively completes tiie melting process and 
aeates a homogeneous molten mass of material. The 
source of the melting energy is the conversion of 
mechanical energy into heat in the high shear regions. 

46 This is termed as 'tiissipative-mix-melting*. In devdatil- 
Ization. the molten material in a partially filled machine, 
is exposed to high vacuum. The volatile material dif- 
fuses through the exposed surfaces to the vapor space. 
Repeated shearing and scraping of the material will 

BO effectively devoDtize the nnaterial such ttiat all flie male- 
rial 18 repeatedly exposed to the high vacuum vapor 
space. 

[0057] The invention allows for a variety of options, 
many of which directty affect the typical stream pattis of 
55 the material through ttie screw, and, tiius, the dispersive 
behavior. 

[0058] Many configurations of the shearing and scrap- 
ing flights are possiMa For example. In FIGURE 3, at 
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any particular point along the screw, the shearing and 
scraping ffights aKernate in the rotation direction 46. In 
another preferred embodimerrt. FIGURE 4, Ihe shearing 
and scraping flights do not alternate in the rotation 
direction. Rather, in rotation direction 146, each shear- 
ing flight is followed by another shearing flight, and each 
scraping flight is followed by another scraping IlighL For 
example, shearing flight 121 of thread 1 1 1 is followed in 
the rotation direction 146 by shearing flight 122 of 
thread 112. Likewise, shearing flight 122 Is followed In 
the rotation direction by shearing flight 123 of thread 
1 13. shearing fQght 123 is folicwed In the rotation direc- 
tion by shearing flight 124 of thread 1 14. and shearing 
flight 1 24 is followed in the rotation direction by shearing 
flight 121 of thread 111, thus connpleiing the cyde. 
[0059] FIGURE 4 also shows a variation in the period 
of the scraping and shearing fCghts. As there are four 
scraping and shearing flights along a single rotation of 
one thread, as shown by shearing and scraping ffights 
121, 132, 133, and 134. the period of the individual 
shearing and scraping flights is D*Pl/4 . 
[006D] Although the present invention is not limited by 
any theory of operation, the prefen-ed ennbodiment of 
FIGURE 4 is contenplaled to provide a different flow 
patii than the preferred embodiment of FIGURE 3. 
Because the shearing flights are larger (in period) and 
immediately follow one another in the rotation direction, 
the material to be conpounded wilt estperience a higher 
number of passes than the eni^odiment of FIGURE 3. 
Path 40 DIustrates that a particular portion of the mate- 
rial might pass through quite a few shearing fOgMs 
before it is diverted along paths 40a, 40b, 40c. or 40d. 
and before flowing into channels 41, 42, 43, or 44, 
respectively. Because it is contemplated that more 
material wiD pass over the shearing flights than travel 
dcwn the channels as compared to the pr^n'ed 
embodiment of FIGURE 3, the velocity of the flow of 
material through the individual channels In FIGURE 4 
will decrease, and. therefore, tiie flow velocity through- 
out the entire screw will also decrease. 
[0061 ] FIGU RE 5 shows yet another preferred embod- 
iment, where the periods of the scraping and shearing 
flights are variable, and where a a portion of a scraping 
flight 21 0 is followed in the rotation direction by a shear- 
ing flight 21 1 , and another portion of scraping fOght 210 
Is followed in the rotation direction by another scraping 
flight 212. By varying the periods of the individual ffights 
and their axial position with respect to one another, It Is 
contemplated that a large variety of parameters can be 
emphasized or deemphasized, such as the average 
number of shearing passes for a given particle of mate- 
rial, the percentage of material experiencing shearing 
passes, the flow rate of the material, and the extent of 
mixing of different streams. For example, if the period 
and number of scraping flights are substantially greater 
than tiie period and number of shearing flights, then 
more of Uie material will tend to travel down the same 
channel, witiiout passing through high stress regions or 



mixing with other streams. Likewise, if the period and 
number of shearing flights are substantially greater than 
the period and nuni^er of scraping flights, then while the 
material will experience repeated stress and extensive 

s mixing with other streanns, it will probably not flow as 
quickly down the channels, and the overaD flow rate for 
the conpounder will decrease. 
[0062] While FIGURES 4-5 are all directed to a four- 
ffighted screw, i.a, a screw witti four threads, it is also 

10 possible to Increase or decrease the total nunrfcer of 
tiveads. 

[0063] It is also possfiaie to change the angle of the 
threads to affect the ftow material through the com- 
pounder. For example. FIGURES 3-^ aO show a Ibur- 

75 ffighted square-pitched screw with a 1 7-1 8 degree helix 
angle. The helix angle could be increased or decreased 
depending on the needs of the material to be oom- 
pounded. Because large helix angles provide better 
pumping performance, it contemplated that large helix 

20 angles are particularly advantageous in a compounder 
of the present invention because the increased pump- 
ing performance will compensate for the leakage of 
material over the shearing flights. It is also possible to 
vary the helix angle with increasing axial distance from 

25 one of the screw ends. 

[0064] Yet another parameter wMch may be varied is 
the channel depth. FIGURE 7 illustrates a manner of 
varying the channel depth in order to effect the flow 
path. The length of hash marks 410-427 indkate the 

30 depth of the channel at tfiat point such that the bnger 
hash marks Indicate greater depth (hereinafter "deep") 
and the shorter hash marks indicate lesser depth (here- 
inafter "shaDow^. Specifically, channel 400 is "deep" at 
hash marks 41 1.413. and channel 41 0 Is deep at ha^ 

55 mart« 424 and 426. The channel 400 is "shallow" at 
hash marks 415-422, and "medium" at hash marks 410, 
412. and 414. Channel 410 is also medium at hash 
marks 423, 425, and 427. 

[0065] Path 490 indicates a typical path of material 

40 through channel 400. As the material passes through 
shearing fOght 450, it is contemplated that the material 
will accumulate in the deeper sections of the channel, 
namely near hash mark 411 and adjacent to scraping 
f fight 451, and away from the more shaillow portions of 

45 the channel (hash marks 420-422). As the screw rotates 
and forces the material down channel 400, the channel 
depth acQacent scraping flight 451 decreases towards 
medium hash mark 412. forcing more of the material 
towards the mkidle of the channel. Accordingly, despite 

so the tact that channel 400 is shallow near shearing fCght 
455 (as indicated by hash marks 417-420). some of the 
material 490b will paes over the shearing clearance and 
into channel 410. Howe/er. most of the material 490a 
will be forced away from shearing flight 455 because of 

55 the shallow deptlx and will enter the deeper portion of 
the channel near hash mark 413. There, the material 
490a will mix with the material 491 passing over shear- 
ing flight 452. The combined mix of materia] will then 



15 



EP0 619173B1 




16 



continue down channel 4O0. Accordingly, it is contem- 
plated that the amount of material passing through the 
shearing f Oghts can be regulated not only by varying the 
period of the shearing fOghts and the position of the 
shearing flights with respect to the scraping flights, but 
also by varying the channel depths between the 
threads. 

[0066] In order to allow users the greatest amount of 
flexibility in configuring their systems to their pardcular 
needs, it is preferable to break the screw element Into 
different segments for placement on the shaft As 
shown in FIGURE 6, three such screw segments 331- 
333 are coaxially disposed on shaft 334 so that the 
screw segments lie in end-to-end relation with one 
another. Each screw segment includes slot 337 for 
receiving key 335, which is integral with shaft 334. Thus, 
all the segments maintain s fixed rotational relationship 
with shaft 334. 

[0067] Segment 331 includes scraping flights 337 and 
! 375, and also includes scraping flight 378 and another 
scraping flight (not shown). Similarly, screw segment 
332 includes scraping fGght 380 (and another scraping 
flight which is not shown) and shearing flights 381 and 
382, and screw element 333 Includes Gcraping fBghts 
390 and 393 and shearing flight 392 (and another 
shearing flight which is not shown). The flights, either 
scraping or shearing, are not continuous at the common 
meeting planes between the segments. Instead, at the 
common meeting planes, the flights are offset from one 
another in circumferential direcfions. Thus one end of 
scraping flight 380 terminates at the edge of segment 
332, adjacent to channel 348 between scraping flight 
377 and shearing flight 378. likewise, the other end of 
scraping flight 380 terminates in the channel between 
scraping fGght 393 and shearing flight 392. It is contem- 
plated that such circumferential offsetting and lack of 
continuous threads will introduce more random and 
extensive mixing of the material. 
[0068] In essence, by using separate segments, the 
user can set up the screw to fit his needs to suit the 
material to be corr^unded. For example, rf it is prefer- 
able for the segments to torm continuous threads 
across the entire length of shaft 334, the segments 
could be rotated with respect to the shaft to form the 
continuous threads. As shown In FIGURE 6, key 335 
could be placed in slot 339 instead of slot 337 in order 
to form a continuous thread from segment 331 to 332. 
the thread being made up of scraping flight 377 and 
scraping flight 380. 

[0069] If toy 335 were placed in yet a different slot (not 
shown), a continuous thread could include a shearing 
flight 378 along segment 331 . and a scraping ffight 380 
along segment 332. In this manner, the prefened 
embodiment of FIGURE 3 could be created with the 
segments of FIGURE 6, where the shearing and scrap- 
ing flights alternate in both the rotational direction and 
axial directions. 

[0070] The keys and slots mentioned above thus are 



an^anged to secure the segments of the screw element 
to one another, and to the shaft, in a plurality of different 
relative positions In the circumferential directions. Any 
other mechanical arrangement which securely fastens 

5 the segments to one another can be used to accomplish 
the same function. Merely by way of example, the shaft 
and segments may be provided with corresponding 
splines. Alternatively, the shaft may be omitted and the 
segments may be connected to one another as by bolts, 

10 pins or other suitable fastening desrfces. If desired, the 
screw can be provided with internal heating and/or cool- 
ing devices* 

[0071] In yet another preferred embodiment, each 
individual screw segment might have all shearing flights 

15 or ail scraping flights. Such segments would allow the 
aeation of the prefen'ed embodiment in FIGURE 4 if all 
the fGghts of the different segments were lined up to 
form continuous tfveads across the length of the shaft 
The segments may also be used to create a non-cylin- 

20 drical surface of revolution for the outer screw surface. 
For example, the diameter of the outer surface of the 
screw, whether measured from the crests of the threads 
or the depths of the channels, may increase or 
decrease with changing a)dal distance from the ends. 

25 Clearly, the use of segments permits an infinite number 
of combinations and a great amount of f laxibDIty. 
[0072] Taking into account all of the above considera- 
tions and possibilities, and although the present inven- 
tion is not limited to particular dimensions or 

30 parameters, one prefened embodiment includes a 
fDghted screw with a 25 degree helix angle to pump 
1000 Ib/hr of general purpose polystyrene (453 kg/hr) 
when operating at 90 RPM. The scraping fOghts and 
shearing flights are arranged similar to FIGURE 3. 

35 where the scraping flights and shearing flights alternate 
in the rotation direction at any point along the length of 
the screw. Hhe period of each individual shearing flight 
and each individual scraping fDght Is equal to 
(D * Pi) / 12 , such that on one revolution of one thread. 

40 there are six scraping flights and six shearing flights. 
The diameter of the screw is al»ut 6 Inches (1 524 cm), 
and the axial lead is 8.79 inches (22.3 cm). The mean 
channel depth is .2 to .3 Inches (0.50 - 0.75 cm). A nar- 
row gap distance of 56 milles provides a shearing rate 

45 of 500 s''* . According to fluid dynamics theory and under 
the above constraints, the flow rate over the shearing 
portions should be equivalent to one-half the net flow 
rate through the channels. Accordingly, the flow rate in 
any individual channel will tend to vary between 75% to 

so 125% of the mean flow rate of ail the channels. The 
average number of passes for a typical particle of mate- 
rial will be threa The approximate flow path for all the 
material will be such that 1.5% of the material in the 
screw experiences 0 passes or 6 passes, 9.4% wfll 

55 ocparlence 1 pass or 5 passes. 23.5% will experience 2 
passes or 4 passes, and 31.3% will experience 3 
passes. 

[0073] A screw according to the present invention may 
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also be used in more than a single screw configuration. 
A screw element including shearing and scraping fCghts 
could be used In almost any processing device, com- 
pounder or mixer which uses screws, including, but not 
limited to, twin screw extruders (intermeshing or non- $ 
intermeshing, oorotating or counterrotaling). and multi- 
ple screw machines. Screws according to the present 
invention can also be used in screw injection molding 
machines, and screw Mow molding machines. A screw 
of the present invention would replace the screw in the 70 
above machines. In fact, the advantages and flexibility 
of the present invention applies in alrTX)St any contact 
where dispersive mixing is desirable. 
[0074] FIGURE 6 Is a cross-sectional view of non- 
intermeshing twin screw 500 containing two screw ele- is 
merits 532 and 533 disposed on shafts 534 and 535. 
Screw elements 532 and 533 have shearing and scrap- 
ing flights as described extensively above. Screw 532 
and shaft 534 are disposed within ban-el chamber 510, 
and screw 533 and shaft 535 are disposed within ban'el 20 
chamber 511. Barrel chamber 510 communicates with 
barrel chamber 51 1 via opening 550. The operation of 
the twin screw compounder 500 is similar to the opera- 
tion discussed above, but with the additional exchange 
of materials from barrel chamber to the other. 25 
[0075] As these and other VHriafions and combina- 
tions of the features descrbed above can be utilized 
without departing from the present invention as defined 
in the appended claims, the foregoing description of the 
preferred embodiments should be understood as being 30 
Illustrative rather than as limiting the invention as 
defined in the claims. 

Claims 

35 

1 • A machine for processing solid and viscous plastic 
and polymeric materials comprising a hoHow barrel 
(10) defining a iDarrel chamber, said ban^el having 
an inner surface (11) and an outer surface, said 
ban-el having first (30) and second ends (20) and a 40 
longitudinal axis (24) extending between said ends, 
whereby said barrel defines axial directions along 
said axis, radial directions traverse to said axis and 
circumferenfial directions around said axis, inlet 
means (12) for introducing the material into said 45 
ban-el chamber, a screw (32) odsnding along said 
longitudinal axis (24) and rotataUe about said longi- 
tudinal axis (24) in a circumferential rotation direc- 
tion, said screw (32) having a first end (32a) 
adjacent said first erxj (30) of said barrel (10) and so 
having a second end (32b) adjacent said second 
end (20) of said barrel, said screw including at least 
one helical thread (74) extending about said longi- 
tudinal axis (24), wherein one portion of said thread 
coTTfsrises at least two shearing flights (76, 78) and ss 
another portion of sad thread conrprises at least 
two scraping flights (75, 77) said two shearing 
flights (76. 78) extending to a spaced distance from 



said inner surface (1 1) of said barrel (10) for shear- 
ing material (89) between said shearing flights (76, 
78) and said Inner surface (1 1) of said barrel (10), 
and said two scraping flights (75, 77) radially 
extending to adjacent the inner surface (1 1) of said 
barrel (10) for removing material (89) from said 
inner surface (1 1) of said barrel (10), saM shearing 
flights (76, 78) ahernately follow said scraping 
flights ^5, 77} in series along such thread, such 
that upon rotation of said screw (32) in said rotation 
direction (46) said scraping flights (75, 77) collect 
and guide said material to said shearing flights (76, 
78). 

2. Ihe machine of daim 1 characterized in that aaid 
screw comprises of plurality of said threads (71, 
74). 

3. The machine of claim 1 characterized In that at one 
portion of said screw at a spaced distance from 
said first end. said shearing flight (121) of one of 
said threads (1 1 1) is followed in the rotation direc- 
tion (146) by the shearing flight (122) of another 
said threads (112). 

4. The machine of claim 1 characterized in that at one 
portion of s^'d screw at a spaced distance from 
said first end, said shearing f Dght (78) of one of said 
threads (74) is followed in the rotation direction (46) 
by the scraping ffight (75) of another sakJ threads 
(71). 

5. TTie machine of claim 1 characterized in that at one 
portion of said screw at a spaced distance from 
said first end, said scraping flight (210) of one of 
said threois Is followed in the rotation direction by 
both a 8cra(»ng fGght (212) and a shearing flight 
(21 1) of another said threads. 

6. The machine of daim 2 characterized in that said 
each of said plurality of threads (375, 377) continu- 
ously extends from a first spaced distance from 
said first end (30) of said ban-el (10) to a second 
spaced distance from said second end (20) of said 
barrel (10), at least two of said plurality of threads 
hiring different first spaced distances, and at least 
two of said plurality of threads having different sec- 
ond spaced distances. 

7. The machine of daim 1 characterized In that at 
each axial location along said screw, the spaced 
distance between said shearing flight (78) and said 
inner surface (11) of said barrel (10) gradually 
decreases in the direction opposite the rotation 
direction (46) until said shearing distance reaches a 
minimum spaced distance (50). 

8. The machine of claim 7 characterized in that the 
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portion of said shearing ffight (78) at said minimum 
spaced distance is a shearing flight tip (50), and 
said shearing flight tip is rounded. 

9. The machine of claim 8 characterized in that the 
portion of said scraping flight (75) closest to said 
Inner surface (11) of said ban^el (10) is a soaping 
flight tip (60). and said scraping fEght tip has a 
scraping comer adjacent said inner surface (1 1) of 
said barrel (10). 

10. ThB machine of claim 9 characterized in that said 
scraping flight tip (60) is substanfiany rectangular. 

11. TTie machine off claim 1 further comprising a sec- 
ond ban-ei chamber (51 1) having a second longitu- 
dinal axis, a second shaft (535) extending along 
said second longitudinal axis, said first barrel cham- 
ber (510) conrvnunlcates with said second banrel 
chamber (51 1) via an opening ^0). 

12. The machine of claim 1 characterized In that said 
scraping flight (75) radially extends from said screw 
(32) to said Inner surface (1 1) of said ban^el (10). 

13. The machine of claim 1 characterized In that said 
scraping flight (75) radially extends to a spaced tol- 
erance distance from said inner surface (1 1) of said 
banrel (10). and said spaced distance (54) between 
sard shearing flight (78) and said inner surface (1 1) 
of said barrel (10) is a shearing distance whidt Is 
greater than said tolerance distance. 

14. The machine of claim 13 characterized in that said 
shearing distance (54) is greater than ten times as 
long as said tolerance distanca 

15. The machine of claim 14 characterized in that said 
tolerance distance is about 02% of said radial dis- 
tance from said longitudinal axis (24) to said inner 
surface (1 1 ) of said barrel (1 0). 

16. The machine of claim 1 characterized in that the 
total shearing length is equal to the totalled sum of 
the periods of all of said shearing flights, and the 
total scraping length Is equal to the totalled sum of 
the periods of ail of said scraping flights and greater 
than the total shearing length. 

17. The apparatus of claim 1 characterized in that the 
total shearing length is equal to the totalled sum of 
the periods of all of said shearing flights, and the 
total scraping length Is equal to the totalled sum of 
the periods of all of said scraping flights and less 
than the total shearing length. 

18. The machine of claim 1 characterized In that the 
total shearing length is equal to the totalled sum of 



the periods of all of said shearing ffights, and the 
total scraping length is equal to the totalled sum of 
the periods of all of said scraping flights and about 
equal to the total shearing length. 

6 

19. The machine of claim 2 characterized in that the 
number of said plurality of threads (71-74) is equal 
to four, and the helix angle of said threads is about 
betwraen 17-18 degrees. 

10 

20. The machine of daim 2 characterized in that said 
screw defines a plurality of channel sections (400) 
betv^een said threads, each said channel section 
(400) having a channel surface, said channel sur- 

T5 face being radially spaced from said inner surface 
of ban-et (10) by a channel depth, at least one said 
channel section being bounded in the rearward 
drection by one said scraping flight (451) and hav- 
ing a channel depth which is at a maximum (41 1) 

20 adjacent such bounding scraping flight (451) and 
which decreases In the fonvard direction away from 
said scraping flight (451). 

21. The machine of claim 20 characterized In that said 
25 at least one said channel section (400) is bounded 

In the foHA/ard direction by one said shearing flight 
(455) and has a channel depth which is at a mini- 
mum (417-420) at adjacent such bounding shear- 
ing flight (455) and which increases in the rearward 
30 direction away from said shearing flight (455). 

2Z The machine off claim 20 characterized in that said 
at least one channel section Is further bounded by a 
second shearing flight (452) which is oonneded to 
55 said bounding scraping fTight (451 ) at a connecting 
point and has a channel depth which increases 
immediately adjacent said bounding scraping flight 

(451) and said bounding second shearing flight 

(452) in the directions away from said connecting 
40 point. 

23. The machine of claim 1 comprising a pluraiily of 
screw segments (331-333) disposed on said shaft 
(334) each screw segment capable of rotating in a 

4S circumferential directioa 

24. The machine of ctaim 23 characterized in that each 
said saew segment (331) includes at least one said 
shearing flight (378) and at least one said scraping 

60 fDght (375. 377). 

25. The machine as daimed in claim 24 characterized 
in that it Includes a plurality of generally cylindrical 
screw segments (331-333). each screw segment 

£5 carrying at least one of said fflghts, and means 
(335. 337) for securing said body sections to one 
another in ooaxlal. end-to-end relationship. 
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26. The machine at claimed in claim 25 characterized 
in that said securing means (335, 337) is operative 
to secure said screw segments (331-333) to one 
another in a plurality of different (339) relative posi- 
tions In said circumferential directions, whereby the 
relative circumferentiaf positions of the flights on 
said segments may be adjiisted. 

27. A screw element as claimed in daim 25 character- 
ized in that said flights constitute a plurality of sub- 
stantially continuous, generally helical threads (71- 
74) extending from adjacent said upslream end 
(32a) to adjacent said downstream (32b) end. each 
said thread including a pluralify of said flights. 

28. The machine as claimed in daim 1 characterized in 
that the shearing radius Is less than the scraping 
radius a difference equal to between about 0.2% 
and about 0.4% of said scraping radius. 

Patentanspruche 

1 . Maschine zur Behandlung fester und visKoser Pla- 
stik- und Pclymer-Materialien. enthaltend ein hoh- 
les GehSuse (10), das eine Gehausekammer 
bildet, das eine Innere Oberflflche (11) und eine 
auQere Oberfiache aufweist und ein erstes (30) und 
ein zwettes Ende (20) sowie eine zwischen den bet- 
den Enden slch erstreckende, iongltudinale Achse 
(24) besitzL wobei das Gehause eine axiale Rich- 
tung entiang dleser Achse sowie Radlalrichtungen 
quer zu der Achse und Umfangsrichtungen um die 
Achse herum definiert wobel watterhin EinlaBmittel 
(12) fQr das Einbringen des Materials in die Gehau- 
sekammer und eine eich entiang der longrtudinalen 
Achse (24) erstreckende Sdinedca (32) vdrgese- 
hen eind, die um die Iongltudinale Achse (24) in 
Umfangsdrehrichtung drehbar 1st welche 
Schnecke (32) ein erstes Ende (32a), ber^dibart 
zum ersten Ende (30) des Gehauses (10) und ein 
zweitas Ende (32b). benachbart zum zwelten Ende 
(20) des Gehauses besitzt und die Schnecke 
wenigstens ein slch um die longitudinale Achse 
(24) erstreckendes Gewinde (74) aufweist, worin 
ein Bereich des Gewindes wenigstens zwai 8dier- 
stege (76. 78) und ein anderer Bereich des Gewin- 
des wenigstens zwei Rdumstege (75, 77) aufweist 
welche Scherstege (76.78) einen Abstand von der 
inneren Oberfiache (11) des Gehauses (10) zum 
Scheren des Materials (89) einhalten, um Material 
zwischen den Scherstegen (76, 78) und der inne- 
ren Oberfiache (1 1) des Gehauses zu scheren. und 
die beiden Rdumstege (75. 77) sich radial bis an 
die innere Oberfiache (11) des Gehauses (10) 
erstrecken, um Material (89) von der inneren Ober- 
fiache (11) des Gehauses (10) wegzuraumen. 
wobei die Scherstege (76. 78) ahernativden RAum- 
stegen (75, 77) entiang des Gewindes aufeinander- 



folgen derart, daB bei Drehung der Schnecke (32) 
in Rotationsrichtung (46) die Raumstege (75, 77) 
das Material sammein und den Scherstegen (76. 
78) zufuhren. 

5 

2. Maschine nach Anspruch 1, dadurch gekenn- 
zeichnet daB die Schnecke eine Mehrzahl von 
Gewinden (71 , 74) enlhan 

7a 3. Maschine nach Anspmch 1, dadurch gekann- 
zeichnet daS in einem Bereich der Schnecke im 
Abstand von dem ersten Ende auf einen Schersteg 
(121) des einen Gewindes (111) In Drehrichtung 
(146) ein Schersteg (122) eines anderen Gewindes 

75 (112)fo!gt 

4. Maschine nach Anspruch 1, dadurch gekann- 
zeichnet daB in elnem Bereich der Schnecke im 
Abstand von dem ersten Ende auf einen Schersteg 

20 (78) des einen Gewindes (74) in Drehrichtung (46) 
ein RAumsteg (75) eines anderen Gewindes (71) 
folgt 

5. Maschine nach Anspruch 1, dadurch gekenn- 
25 zeichnet daB in einem Bereich des Gewindes im 

Abstand von dem ersten Ende auf einen Rdumsteg 
(210) des einen Gewindes in Drehrichtung ein 
Raumsteg (212) und ein Schersteg (21 1) des ande- 
ren Qawlndes folgen. 

30 

6. Maschine nach Anspruch 2, dadurch gekenn- 
zeichnet, daB jedes der Mehrzahl von Gewinden 
(375, 377) sich durchgehend von einem ersten 
Abstand vom ersten Ende (30) des Gehauses (10) 

ss zu einem zweiten Abstand vom zweiten Ende (20) 
des Gehauses durchgehend erstredct wenigstens 
zwei der Mehrzahl von Gewinden unterschiedliche 
erste Abst&ide einhalten und wenigstens zwei der 
Mehrzahl von Gewinden versdiiedene zwa'te 

40 Abstande aufweisen. 

7- Maschine nach Anspaich 1, dadurch gekenn- 
zeichnet daB entiang der axialen Stelle des Gewin- 
des der Abstand zwischen dem Schersteg (78) und 
45 der Inneren Oberfldche (11) des Gehauses (10) 
durchgehend abnlmrrt, und zwar In einer RIchtung 
entgegen der Rotationsrichtung 46. bis der Scher- 
spaH einen minimalen Abstand (50) aufweist 

BO 8. Maschine nach Anspruch 7, dadurch gekenn- 
zeichnet daB der Bereich des Scherstege (78) an 
der Stelle des mininDalen Scherspaltes eine Scher- 
kante (50) bikJet die gemndat 1st 

ss 9. Maschine nach Anspruch 8, dadurch gekenn- 
zeichnet. daB der Bereich des Raumslegs (75), der 
sich am dichtesten bis an die innere ObarflAche 
(11) des Gehfluses (10) ersteckt, eine Raumspitze 
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(60) isl. cSe eine Faumkante, benachbart zur inne- 
ren Oberf lache dee Gehdusee (1 0). bOdeL 

10. Maschtne nach Anspruch 9> dadurdi gekenn- 
zeichnet daB die Rflumspitze (60) im wesentOchan 
rectitwtnklig ausgebildet isL 

11- Maschine nac*i Anspmch 1, gekermzeichnet durch 
eine zwerte Qehausekammer (51 1) mit einer longl- 
tudinalen Achse. einer zweiten Welle (535), die sich 
enttang der zweiten longitudinalen Achse erstreckl, 
wobei die erste GehausekHmnier (510) mit der 
zweiten Gehausekammer uber eine Offnung (550) 
vertxinden Isl 

12. Maschine nach Anspruch 1, dadurch gelcenn- 
zeichnet daS der Rftumsteg (75) sich radial von der 
Schnecke (32) auf die innere Oberfiache (1 1) des 
Geh&uses (10) erstreckt 

13. Maschine nach Anspruch 1, dadurch gekann- 
zeichnet dal) der RAumsteg (75) sich radial bis zu 
einem Toleranzabstand zur Im^r^n OberfBche 
(11) des Qehfiuses (10) erstreckt und der Abstand 
(54) zwischen dem ScheiBteg (78) und der inneren 
Oberfiache (11) des Gehduses (10) eineh Scher- 
epatt aufwetst, der grOBer ist ate der genannte Tole- 
ranzabstand. 

14. Maschine nach Anspaich 13, dadurch gekenn- 
zeichnet. daB der Scherspalt (54) gr5Bar ais das 
Zehnfache des Toleranzabetandes tst 

15. Maschine nach Anspruch 14. dadurch gekenn- 
zeichnet daB der Toleranzabstand etwa 0.2% des 
radialsn Abstandes der longitudinalen Achse (24) 
zur inneren Oberfiache (1 1) des Gehauses (10) isL 

16. Maschine nach Anspruch 1, dadurch gekenn- 
zeichnet daB die gesanrte Scheriange gleich is! 
der Summe der Perioden aller Scherstege und die 
gesanite Raumiange gleich ist der Summe der 
Perioden aller Rdumstege und gr6Ber ist als die 
gesamte Schei1£inga 

17. Maschine nach Anspruch 1. dadurch gekenn- 
zeichnet daB die gesamte Scheriange gleich ist 
der Summe der Perioden aller Scherstege und die 
gesamte Raumiange gleich tst der Summe der 
Perioden aller Rflumstege und geringer als die 
gesamte Schedange. 

18. Maschine nach Anspruch 1. dadurch gekenn* 
zeichnet, daB die gesanrte Scheriange gleich ist 
der Summe der Perioden aller Scherstege und die 
gesanrte Raumiange gleich ist der Summe der 
Perioden aller RAumstege und ungefflhr gleich ist 
der gesamten Scherldnge. 



19. Maschine nach Anspruch 2, dadurch gekenn- 
zeichnet. daS die Anzahl der Gewinde (71-74) 
gleich vier 1st und die Steigung der Gewinde etwa 
17-18 (Sradbetragt 

6 

20. Maschine nach Anspruch 2, dadurch gekenn- 
zeichnet. daB die Schnecke eine Mehrzahl yon 
Kanalabschnitten zwischen den Gewinden bildet, 
wobei Jeder Kanalabschnitt (400) eine Kanalobar- 

70 flAche aufweist, die radial von der inneren Oberfli- 
che des Gehauses (10) durch eine Kanaltiefe 
beabstandet ist. wobei wenigstens ein Kanalab- 
schnitt in ruckwartigen Richtung durch einen 
R&umsteg (451) begrenzt 1st und eine Kanaltiefe 

J5 aufweist, die ein Maximum (411). benachbart zu 
dem begrenzenden Raumsteg (451) ist und die in 
Vorwartsrichtung weg von dem Rdumsteg (451) 
abnimmt 

20 21. Maschine nach Anspruch 20. dadurch gekenn- 
zeichnet. daB wenigstens ein Kanalabschnitt (400) 
in der Vonfvartsrichtung durch einen Rflumsteg 
(455) begrenzt tst und eine KanaWefe aufweist. die 
benachbart zu dem begrenzenden RAumsteg (455) 

25 ein Minimum ist und die in ruckwartiger Ridrtung 
weg von dem Rdumsteg (455) zunimmt. 

22. Maschine nach Anspruch 20, dadurch getenn- 
zeichnet, daB wenigstens ein Kanalabschnitt wai- 

30 tertrin durch einen zweiten Raumsteg (452) 
begrenzt ist der mit dem begrenzenden Rflumsteg 
(451) an einem Verbindungspunki verbunden ist 
und eine Kanaltiefe aufweist die unmittelbar 
benachbart zu dem begrenzenden RAumsteg (451) 

35 und dem begrenzenden zweiten Raumsteg (452) in 
Richtung weg von dem Verblndung^unkt zuninrvnt 

23. Maschine nach Anspruch 1. gekennzeichnet durch 
eine Mehrzahl von Schneckenabschnitten (331- 

40 333), die entlang der Welle (334) angeordnet sind. 
wobei Jeder Schneckenabschnitt in Umfbngs- 
richtung drehbar ist 

24. Masdrine nach Anspruch 23, dadurdr gekenn- 
45 zeichnet. daB jeder Schnedonabsdmltt (331) 

wenigstens einen Schersteg (378) und wenigstens 
einen Raumsteg (375, 377) aufweist 

25. Maschine nach Anspruch 24, dadurch gekenn- 
BO zeichnet, daB sie eine Mehrzahl von im wesentfi- 

Chen zylindriechen Schneckenabschnitten (331- 
333) aufweist, wobei jeder Schneckenabschnitt 
wenigstens eines der genannten Stege und Mittel 
(335. 337) zur Sicherung der AbschmttskOrper 
55 einer am anderen in koaxialer Ende-zu-Ende- 
Beziehung trdgt 

26. Maschine nach Anspruch 25, dadurdi gekenn- 
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zeichnet, daB die genannten Sicherungemitiel 
(335, 337) die Sicherung der Schneckenabschn'ttte 
(331-333) aneinander befwirkan und zwar In einsr 
Mehrzahl von unterschiedlichen (339) Relativposi- 
tionen in UmfangsiicWung, vrabel die relativen 
Unrfangspositionen der Stege auf den Abschnitten 
einstaDbarsind. 

27. Schneckenabschnltt nach Anspruch 25, dadurch 
gekannzeichnet. daB die Stege eine Mehrzahl von 
im wesenlfichen durchgehenden Gewinden (71-74) 
bilden, die vom beabslandeten Bngangsanda 
(32a) zum beabslandeten Auegangsende (32b) 
sich erstreckan, wobel die Gawinde eine Mehrzahl 
von Stegen aufweieen. 

28. Maschine nadi Anspruch 1, dadurch gekenn- 
zeichnet. daB der Scherradius geringer let als der 
Raumradius. und zwar gem£lB einer Differenz, die 
zwischen ungefahr 0;2% und ungefShr 0.4% d^ 
RAumradiUs liegt. 

Revendlcatlons 

1. Machine pour ie traitement de mati^ree plaettquee 
6t polym&res solides at visqueuses. conrprenant un 
cyfindre creux (10) dSfmissant une chambre, ledit 
cyfindre poss^ant une surface int^rieure (11) et 
une surface e)ctdrieure, iedttcylindre possddant une 
premifere exlr6mii6 (30) et une seoonde exlrSmitS 
(20) et un axB longitudinal (24) qui s*dtend entre 
iesditee extr&nitte, ce qui a pour effet que ledit 
cyiindre d^init des direcUons axiales Ie long dudit 
axe, des directions radiates transversales par rap- 
port audit axe et des directions circonf6rentielte& 
aiitour dudit axa, des mq/ens d'enlrde (12) pour 
introduire la mati&re dans ladite chambre du cylin* 
dre. une vis (32) qid s*6tend Ie bng dudit axe longi- 
tudinal (24) et peut toumer autour dudit axe 
longitudinal (24) dans une direction de rotation dr- 
conffirentieile. ladite vis (32) poss6dant une pre- 
miere extr6mit6 (32a) adjacente h ladite premiere 
extr6mit6 (30) dudit c^indre (10) et poss6dant una 
seconde extrgniitd (32b) adjjacente k tadite 
seconde extrdmitd (20) dudit cyiindre. ladite vis 
conrprenant au moins un f iletage hdlicoTdal (74) qui 
s'^tend autour dudit axe tongftudinat (24). dans 
laqualle une partie dudit filetage comprend au 
moins deux filets de cisaillement (76, 78) et une 
autre partie dudit filetage comprend au moins deux 
filets de radage (75. 77), lesdits deux filets de 
cisaillement (76. 76) s'ftendant jusqu'i une dis- 
tance do separation par rapport k ladite surtace 
tntSrieure (11) dudit cyiindre (10) pour dsailler la 
mati&re (89) situde entre lesdits fOets de dsaille- 
ment (76, 78) et ladite suiface intSrieure (11) dudit 
cyiindre (10). et lesdits daux filets de raclage (75. 
77} qui s'Aendent radtalement au voisinage de la 
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surface im6rieure (1 1) dudit cyiindre (10) pour reti- 
rer de la mali&re (89) de ladite surface int^eure 
(1 1) dudit cytindre (1 0), lesdrts filets de cisaillemerd 
(76, 78) suivant alternativement lesdits filets de 
radage (75. 77) en sdrie Ie long dun tel filetage. de 
sorte que lore une rotation de ladite vis (32) dans 
ledit sens de rotation (46). lesdits filets de raclage 
(75, 77) collectent et guidant ladite mati^e dans la 
direction desdits filets de dsaillement (75, 78). 

Machine selon la revendication 1, caractSrieSe en 
ce que ladite vis comprend une plurality desdits 
filets (71, 74). 

Machine seion la revendication 1. caract&isSe en 
ce que dans une partie de ladite vis k une cert^ne 
distance d'6cartemantde ladite premi&re extrdmitfi. 
ledit fSet de dsaillement (121) de Tun desdits fileta- 
ges (111) est suivi. dans la sens de rotation (66). 
par Ie filet de cisaniement (122) d*autres desdits 
fDelages (112). 

Machine selon la revendication 1, caract&isSe en 
ce que dans une partie de ladite vis k une distance 
de separation par rapport k ladite premiere extrfr- 
mltd. ledit filet de dsaiflement (78) de Tun desdits 
filetages (74) est suivi. dans Ie sens de rotation 
(46), par le filet de raclage (75) d^autres desdits f He- 
tages (71). 

Machine selon la revendication 1, caracl6ris6e en 
ce que dans une position de ladite vis k une dis- 
tance de separation par rapport k ladite premise 
odremitd. ledit fDet de radage (210) de Pun desdits 
f Detages est suivi. dans le sens de rotation, ^ la fots 
par un filet de radage (212) et un fdet de cisaiDe- 
ment (21 1) tfautres desdits fOetages. 

Machine selon la revendication 2, caracl6ris6e en 
ce que chacun de ladite plurality de fHetages (375. 
377) s'dtend continument depuis une premiftre dis- 
tance de separation par rapport k ladhe premiere 
eKtr6mit6 (30) duJt cyiindre (10), jusqu'^ une 
seconde distance de separation par rapport k ladite 
seconde extrdmrte (20) dudit cyiindre (10) au moins 
deux de ladite plurality de filetages ayant las pre- 
mieres distances d'espacement diff6rentes. et au 
moins deux de ladite pluralitfi de filetages ayant des 
eecondes distances d'espacement differentes. 

Machine selon la revendication 1, caracterieee en 
ce qu*en chaque emplacement axial le long de 
ladite vis. la distance de separation entre ledit fOet 
de dssditement (78) et ladite surfiace interieure (1 1) 
dudit cyiindre (10) diminue graduellement dans la 
direction opposes au sens de rotation (46) jusqu*d 
ce que ladite distance de cisaillement attelgne une 
distance de separation minlmale (50). 
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8. Machine eelon la revendication 7, caractSrisSe en 
ce que la partie dudit filet de dsaillement (78) pour 
ladite distance da separation minimale est una 
pointe (50) du fOet de dsaillement, et que ladHe 
pointe dii filet de cisaiDement est arrondia 

9. Machine selon la revendication 8. CBract6ris6e en 
ce que la parbe dudit filet de dsaillement (75) la 
plus proche de ladite surface Intdrieure (11) dudit 
cylindre (10) est une pointe (60) de filet de raclage, 
et que ladite pointe du filet de radage possMe un 
coin de raclage adjacent d ladite surface adjacente 
(11) dudit cylindre (10). 

10. Machine selon la revendication 9, caract^sSe en 
ce que ladite pointe (60) du filet de radage est sen- 
sblement redangulaira 

11. Machine selon la revendication 1, oomprenant en 
outre une seconde chambre (111) du cyOndre, 
conportant un second axe longitudinal, un seoond 
arfare (535) s'^tend la long dudit second axe longi- 
tudinal, ladite premise chambre (510) du cyGndre 
comnminlquant avec la seconde chambre (511) du 
cylindre par nnterm^iaire tfune ouvarture (550). 

12. Machine seton la revendication 1, caract^Se en 
ce que ledit filet de radage (75) s'^tend radialement 
h partir de ladite vis (32) depuis ladite vis (32) 
jusqu'd ladite surfiace int&'teure (1 1) dudit cylindre 
(10). 

13. Machine selon la revendication 1, raract&lsda en 
ce que ledit filet de radage (75) s'6tend radialement 
jusqu'd une distance de separation de td^rance par 
rapport k ladite surface intSrieure (11) dudit cyGn- 
dre (10) et ladite distance de separation ^) entre 
ledit filet de dsaillement (78) et ladite surface Intd- 
rieure (1 1) dudit cylindre (10) est une distance de 
separation qui est superieure d ladite distance de 
tderance. 

14. Machine selon la revendication 13, caract6ris6e en 
ce que ladite distance de dsaillement (54) est plus 
de dix fbis superiaure k ladite distance de tole- 
rance. 

15. Machine selon la revendication 14. caracterisee en 
ce que ladite distance de tolerance est egale k 
en^riron 0^ % de ladite distarice radiale entre ledit 
axe longitudinal (24) et ladite surface interieure (1 1) 
dudit cylindre (10). 

16. Machine seton la revendication 1, caracterisee en 
ce que la longueur totale de dsaillement est egale 
k la somme cunrtuiee des periodes de I'ensemble 
desdits filets de dsalDement et la longueur totale 
de radage est egale k la somme cumuiee des 



periodes de rensemt)le desdits filets de radage et 
est superieure k la longueur totale de dsalDement 

17. Machine selon la revendication 1, caracterisee en 
6 ce que la longueur totale de dsaillement est egale 

k la somme cumuiee des periodes de rensemble 
desdits filets de dsaillement at la longueur totale 
de radage est egale k la somme cumuiee des 
periodes de Tensemble desdits filets de raclage et 
10 est inferleure k la longueur totale de dsaillement. 

18. Machine selon la revendication 1. camcteris6e en 
ce que la longueur totale de cieaDlement est egale 
k la somme cumidee des periodes da rensemtde 

15 desdits filets de cisaillemerrt et la longueur totale 
de dsaillement est egale k la somme cumuiee des 
periodes de I'ensemble desdits filets de radage et 
est approximativement egale k la longueur totale de 
dsalDement 

20 

19. Machine selon la revendicsiion 2, caracterisee en 
ce que le nombre de ladite pluralite de filets (71-74) 
est egal k quatre et Tangle d'heiice desdits fOetages 
est egal k environ 17-18 degr6s, 

20. Machine selon la revendication 2, caracterisee en 
ce que ladite vis definit une pluralite de sections de 
canaux (400) entre leeditsfiletages, chacune desdi- 
tes sections de canaux (4O0) ayant une surface de 

so canal, ladite surface de canal etant distante radiale- 
ment de ladite surface interieure de I'enceinte (10) 
en en etant separee par une prafondeur de canal, 
au molns Tune desdites sections de canaux etant 
deiimrtee, dans la direcbon an-idre. par ledit fOet de 

ss radage (451) et possedant une profondeur de 
canal qui est nrmximale (41 1) au vdsinage d*un tel 
fSet de radage de limitation (451) et qui dlminue 
dans le sens de Pavance k partir dudit filet de 
radage (451). 

40 

21. Machine selon la revendication 20, caracterisee en 
ce qu'au moins une desdites sedions de canaux 
(400) est deiimitee, dans le sens de I'avance, par 
ledit filet dudit un filet de dsaillement (455) et pos^ 

4S sede une profondeur de canal qui est mimmale 
(417-420) au voisinage d'un tel filet de cisaDlement 
de limitation (455) et qui augmente dans la direction 
arriere k partir dudit filet de cisaiDement (455). 

so 2Z Machine selon la revendication 20. caracterisee en 
ce que ladite au moins une section de canal est en 
outre deDmitee par un second f Oet de dsaillement 
(452), qui est relie audit filet de radage de limitalion 
(451) au niveau tfun point de raccordement et pos- 

ss sede une proforxieur de canal qui augmente direc- 
tement au vdsinage dudit filet de radage de 
limitalion (451) et dudit second fiiet de radage de 
limitation (452) dans les directions s'ecartant dudit 
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point de raccordement 

23. Machine selon la re/endication 1. connprenant une 
pluralftS de eegments de vis (331-333) disposes eur 
ledit Bfbre (334), chaque ssgment de vis pouvant s 
tourner dans une direction ciroonf6rentieDe. 



24. Machine eeion la revendication 23, caract^risS en 
ce que ledit segment de vis (331) conprend ledit au 
moins un filet de cisaillement (378) et ledit au nioins io 
un filet de raclage (375» 377). 

25. Machine selon la revendication 24. caracl^risSe en 
ce qu*ell6 comprend une plurality de segments de 

vis de forme g6n6rale cylindrlque (331-333). cha- 75 
que segment de vis portent au moins I'un desdlts 
filets, el des moyens (335. 337) pour fixer lesdites 
sections du corps k une autre section selon une 
relation coasdale et en aboutemeni 

20 

26. Machine selon la revendication 25, caract6r!s6e en 
ce que lesdits moyens de fixation (335. 337) peu- 
vent agir de mani&re k fixer lesdits segments de vis 
(331 -333) dans une autre position parmi une plura- 
lity de positions relatives diff ^rentes (339) dans les- 2S 
dits directions ciroonfdrentielles, ce qui a pour effet 
que les posrtions circonfgreniielies rdafives des 
filets dans lesdits segments peuvent &tre rSglSes. 



27. El^ent de vie selon la revendication 25. caractS- bo 
r!s§ en ce que lesdits filets constituent une pluraiitd 
de fOetages sensiblement continue de forme g^6- 
rale hdllcoldale (71 -74) qui e*6tendent depuis le vdI- 
slnage de ladite eKlr6mit6 amont (32a) jusqu'au 
voisinage do ladite extr^itS aval (32b). chacun ss 
desdits f iietages incluant une pluralit6 desdi^ filets. 



28. Machine selon la revendication 1. caractdristo en 
ce que ie rayon de cteaillement est inf^eur au 
rayon^e mdager^-ce^Vne diff^rwce-oofflprise- 40 

entre environ 0.2 % et environ 0,4 % dudit rayon do 
raclage. 
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